@gen#nneA 

Journals.ASM.org 

Complete Genome Sequence of Vibrio anguillarum Phage CHOED 
Successfully Used for Phage Therapy in Aquaculture 
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Vibrio anguillarum phage CHOED was isolated from Chilean mussels. It is a virulent phage showing effective inhibition of V. 
anguillarum. CHOED has potential in phage therapy, because it can protect fish from vibriosis in fish farms. Here, we announce 
the completely sequenced genome of V. anguillarum phage CHOED. 
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I lihrio anguillarum (also known as Listonella anguillarum) is a 
If marine Gram-negative bacterium that is the etiologic agent of 
vibriosis, a fatal hemorrhagic septicemia that affects >50 fresh- 
and saltwater fish species, including species of economic impor- 
tance to the aquaculture industry (salmonids, flatfish, seabass, and 
seabream). Antibiotics are still the main therapeutic tools for con- 
trolling bacterial diseases in aquaculture. However, their use is 
becoming restricted due to their environmental impact and the 
emergence of resistant bacteria (1). Furthermore, antibiotics are 
usually delivered in the feed, and this may affect the normal mi- 
crobiota of fish (2). Hence, alternative methods of treatment are 
needed, and phage therapy is a potential alternative approach for 
controlling pathogenic bacteria in aquaculture. In this context, 
Higuera et al. (3) showed the successful use of CHOED phage as a 
prophylactic tool protecting fish from vibriosis in farming condi- 
tions, as when CHOED phage was added, 100% of the salmon 
survived the challenge. 

V. anguillarum phage CHOED was isolated from Chilean mus- 
sels, harvested in the south of Chile. Electron microscopy indi- 
cated that the CHOED phage has an icosahedral head around 
50 nm in diameter, and no evident tail was observed; hence, it 
belongs to the family Podoviridae. The CHOED phage was con- 
centrated by ultracentrifugation in a CsCl gradient, and the pre- 
cipitated phage was suspended in synthetic seawater. Genomic 
DNA was extracted by the alkaline lysis method (3). The whole- 
genome sequencing of V. anguillarum phage CHOED was per- 
formed using a 454 GS Junior system. 

The data generated from the genomic library provided 20,019 
reads, with an average read length of 439.57 nucleotides. The se- 
quences were assembled in a single contig, with a median coverage 
of 47.99 X. The quality filtering and control of the data set were 
performed using Fastx-Toolkit (http://hannonlab.cshl.edu/fastx 
_toolkit/) and FastQC (http://www.bioinformatics.babraham.ac. 
uk/projects/fastqc/), respectively. The assembly of the reads was 
performed using MIRA assembler (4), and the result was a single 
chromosome of 66,912 bp, with 43.65% G+C content. The ends 



were not determined; hence, the terminal repeats are unknown. 
The annotation of the genome was made using Rapid Annotations 
using Subsystems Technology (RAST) (5) and Blast2GO (6), re- 
sulting in 94 protein-coding genes, nine of which were predicted 
as membrane protein-coding genes using PSORTb (7). Analysis 
using tRNAScan-SE (8) revealed two tRNA genes, one for Asn and 
one for Ser codons. This genome contains functional genes related 
to DNA phage synthesis (DNA helicase and DNA-directed DNA 
polymerase) and nucleic acid processing (ATP-dependent DNA 
ligase, RNA ligase, 5 '-3' exonuclease, DNA-directed RNA poly- 
merase, homing endonuclease, and terminase) and related to 
phage structure (p22 coat protein and portal protein) and tail 
structure for host interaction (tail fiber repeat family protein). 
These functional genes are organized in the CHOED genome, 
representing a T7-like genome organization, with early genes, 
DNA metabolism genes, and viral structure and assembly genes. 

Nucleotide sequence accession number. The complete se- 
quence of the V. anguillarum phage CHOED genome can be ac- 
cessed under the GenBank accession no. KJ192399. 

ACKNOWLEDGMENTS 

This project was funded by grants Fondecyt 1140734 and Fondecyt 
1110253 from CONICYT and assisted by Cooperation International 
Grant Marie Curie (IRSES-2010, FP7.N269175), AQUAPHAGE, Net- 
work for the development of phage therapy in aquaculture. 

REFERENCES 

1. Burridge L, Weis JS, Cabello F, Pizarro J, Bostick K. 2010. Chemical 
use in salmon aquaculture: a review of current practices and possible 
environmental effects. Aquaculture 306:7-23. http://dx.doi.org/10.1016/ 
j.aquaculture.2010.05.020. 

2. Navarrete P, Mardones P, Opazo R, Espejo R, Romero I. 2008. Oxytet- 
racycline treatment reduces bacterial diversity of intestinal microbiota of 
Atlantic salmon. J. Aquat. Anim. Health 20:177-183. http://dx.doi.org/ 
10.1577/H07-043.1. 

3. Higuera G, Bastias R, Tsertsvadze G, Romero I, Espejo RT. 2013. 
Recently discovered Vibrio anguillarum phages can protect against experi- 
mentally induced vibriosis in Atlantic salmon, Salmo salar. Aquaculture 
392-395:128-133. http://dx.doi.Org/10.1016/j.aquaculture.2013.02.013. 



July/August 2014 Volume 2 Issue 4 e00091-14 



Genome Announcements 



genomea.asm.org 1 



Romero et al. 



4. Chevreux B, Wetter T, Suhai S. 1999. Genome sequence assembly using 
trace signals and additional sequence information, p 45-56. In Computer 
science and biology. Proceedings of the German Conference on Bioinfor- 
matics, GCB '99. GCB, Hannover, Germany. 

5. Aziz RK, Bartels D, Best AA, Dejongh M, Disz T, Edwards RA, Formsma 
K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman 
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch 
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 
2008. The RAST server: Rapid Annotations using Subsystems Technology. 
BMC Genomics 9:75. http://dx.doi.org/10.1186/1471-2164-9-75. 

6. Conesa A, Gotz S, Garcia-Gomez JM, Terol J, Talon M, Robles M. 2005. 



Blast2GO: a universal tool for annotation, visualization and analysis in 
functional genomics research. Bioinformatics 21:3674-3676. http:// 
dx.doi.org/ 10.1 093/bioinformatics/bti6 1 0. 

7. Yu NY, Wagner JR, Laird MR, Melli G, Rey S, Lo R, Dao P, Sahinalp SC, 
Ester M, Foster LJ, Brinkman FSL. 2010. PSORTb 3.0: improved protein 
subcellular localization prediction with refined localization subcategories 
and predictive capabilities for all prokaryotes. Bioinformatics 26: 
1608-1615. http://dx.doi.org/10.1093/bioinformatics/btq249. 

8. Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detec- 
tion of transfer RNA genes in genomic sequence. Nucleic Acids Res. 25: 
955-964. http://dx.doi.Org/10.1093/nar/25.5.0955. 



2 genotmea.asm.org 



Genome Announcements 



July/August 2014 Volume 2 Issue 4 e00091-14 



